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INTRODUCTION 1
Paralympic classification systems aim to promote participation in sport by people with disabilities 2 by minimizing the impact impairment has on the outcome of competition (Tweedy & 3
Vanlandewijck, 2011). Classification systems which achieve this aim will ensure that successful 4 athletes are not simply those with the least impairment, but will be those that have the most 5 advantageous combination of physiological and/or psychological attributes and who have trained 6 them to best effect (Tweedy & Vanlandewijck, 2011) . In 2007, the IPC Classification Code 7 mandated the development of evidence-based systems of classification in Paralympic sport which 8 are informed by scientific research (IPC, 2007) . 9
The Paralympic games are the largest organized sporting event for athletes with disabilities with 10 164 participating countries and more than 1.8 million tickets sold at the 2016 Rio Paralympic 11
Games (IPC, 2016). In Para Swimming, there are eight physical impairments comprising; impaired 12 muscle strength, impaired passive range of movement (ROM), limb deficiency, leg length 13 difference, short stature, hypertonia, ataxia, and athetosis (IPC, 2007) . Eligible swimmers compete 14 across ten classes in freestyle, backstroke and butterfly events (S1-S10) and nine classes in 15 breaststroke events (SB1-SB9). The current classification process involves two-steps: 1) evaluation 16 of impairment via a bench test (Dummer, 1999) and 2) a technical assessment known as a water 17 test. The bench test involves evaluation of joint range of motion, which may be critical to 18 determining an athlete's class in Para swimming. Impaired ROM is defined as a reduction in one or 19 more joints which is reduced permanently (IPC, 2007) . Impaired ROM from health conditions such 20 as cerebral palsy, resulting in spasticity or contracture, for example are currently evaluated using a 21 passive joint-by-joint assessment conducted by a trained classifier using a goniometer which is then 22 scored against a passive functional ROM on a zero to five scale (IPC, 2017) . The water test 23 involves allocation of points based on an athlete's ability to perform key water skills specific to 24 M A N U S C R I P T
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swimming such as a dive start and push-off when turning. The classifier then totals the points 1 obtained from the bench test and the water test using established criteria and expert opinion to 2 determine a class (IPC, 2017) . 3
4
For classification, these measures of impaired ROM in the bench test have advantages in that they 5 use widely utilized methods known to clinicians and the equipment is inexpensive and available 6 world-wide. However, there are several limitations of these measures, which make them unsuitable 7 methods of ROM assessment for classification. Firstly, the current system utilizes a ratio scaled 8 measure with a goniometer (Tweedy & Vanlandewijck, 2011) but then converts the outcome to a 9 point scale (zero to five) based on relative range of motion rather than allocating absolute values. 10
As such, an athlete that scores four points on a ROM measure does not necessarily have twice the 11 ROM as someone that scores two points. Weak relationships have been found between non-ratio 12 scale measures currently used in classification and sports performance (Beckman, Connick, & 13 Tweedy, 2016) . Secondly, ROM is currently assessed using passive ROM techniques, where the 14 classifier moves the athlete's joints through a range applying external forces to the body, which has 15 questionable repeatability compared to active ROM techniques (Boon & (Baseline Evaluation Instruments, White Plains, NY) was also used to compare reliability and ease 7 of administration for elbow flexion and extension (inter-examiner study). Trunk functional reach 8 measures were obtained with a supported fixed tape measure. 9
Measures from the 42 non-disabled participants were used to establish preliminary 10 normative values. Fifteen of these non-disabled participants also took part in intra-examiner 11 reliability testing while a further 16 took part in inter-examiner testing. Para swimmers completed 12 the ROM test battery on one occasion to provide preliminary normative data for the ROM tests and 13 to compare whether differences existed between subgroups of Para swimmers and between Para 14 swimmers and non-disabled participants. Intra-examiner reliability: fifteen non-disabled 15 participants completed two, one-hour testing sessions. Participants were tested by a single examiner 16 on two occasions with at least one day between testing sessions. Two trials of each test were 17 conducted on each participant following a practice trial, and the average of the results used for 18
analysis. 19
Inter-examiner reliability testing: sixteen non-disabled participants completed a single two-20
hour testing session and were tested independently by two examiners for all ROM tests within a 21 single session. Two trials of each test were conducted on each participant following a practice trial, 22 and the average of the results used for analysis. Testing followed the same standardized order for 23 each participant for both the intra-and inter-examiner reliability protocols. Active range of motion was assessed via a battery of 10 tests designed to measure shoulder, elbow, 4 hip, knee, ankle and trunk motion relevant to S-class swimming events (freestyle, backstroke and 5 butterfly strokes). These 10 tests produced over 30 measures as some tests assessed multiple joints. 6
All measures were demonstrated by the examiner before being performed by the participant. The 7 following landmarks were located and marked with a semi-permanent pen prior to ROM assessment 8 to provide consistency of inclinometer placement: lateral aspect of acromion process; lateral 9 epicondyle; ulna and radial styloid processes; greater trochanter; lateral knee joint line; tibial 10 tuberosity; lateral malleolus; anterior aspect of talus; dorsal aspect of 2 nd metatarsophalangeal 11 (MTP) joint. Mid-points between adjacent landmarks were measured and marked, then used to 12 place the digital inclinometer. For example, the mid-point between the lateral aspect of the 13 acromion process and lateral epicondyle was used as the upper arm landmark to measure shoulder 14 abduction. Detailed descriptions for all tests can be found in supplementary material 15 (supplementary Table 1 
Data analysis 5
Data were analyzed using IBM SPSS 22 for Windows. All variables were examined for normality 6 using the Shapiro-Wilk test. A two-way mixed model intra-class coefficient (ICC 3,2 ) was used to 7 determine reliability between session one and two for intra-examiner reliability, and between 8 examiners for inter-examiner reliability (Shrout & Fleiss, 1979) for non-disabled participants. 9
Absolute agreement between sessions for intra-examiner and between examiners for inter-examiner 10 reliability was based on the mean of two values from each session and examiner, respectively. Good x √(1 -ICC)] was also calculated as this is not affected by inter-subject variability. 16
Paired-samples T-tests were conducted to identify any differences between testing sessions 17 or between examiners. One-way ANOVA was used to identify differences in ROM between non-18 disabled participants, Para swimmers with hypertonia and Para swimmers with impaired muscle 19 power. Post-hoc comparisons using Tukey HSD were applied when a difference between means 20 was identified within the ANOVA. Significance was set at alpha < 0.05. 21
22
RESULTS
23
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Intra-examiner reliability 1
Fifteen non-disabled participants aged 21.9 (+ 3.4) years took part in the intra-examiner reliability 2 study. Each participant was tested by the same examiner with each test session separated by 4.1 (+ 3 2.7) days. The majority of tests produced good to excellent (>0.75) ICC absolute agreement values 4 ( Table 2 ). There were three exceptions where moderate reliability values were obtained: bilateral 5
shoulder abduction (ICC 3,2 = 0.73), functional reach forwards (ICC 3,2 = 0.66) and functional reach 6 right (ICC 3,2 = 0.68). SEM values ranged from 1.18° to 6.11°. 7
There were no significant differences between sessions for any measures except elbow extension 8 left (t = 2.32, p = 0.04) with goniometer, lower-limb streamline left ankle angle (t = 3.93, p <0.01), 9
and knee flexion left with goniometer (t = -2.22, p = 0.04) ( Table 2) . 10
Inter-examiner reliability 11
For the inter-examiner reliability study, 16 non-disabled participants aged 25.1 (+5.1) years took 12 part in the study. All tests produced good to excellent (>0.75) ICC absolute agreement values 13 (Table 3) (Table 3) . 2
Preliminary normative values 3
There were significant differences between non-disabled participants and Para swimmers for the 4 majority of ROM tests (Table 4 ). Significant differences were also found between Para swimmers 5 with hypertonia and Para swimmers with impaired muscle power for certain measures at the trunk, 6 hip and knee (Table 4) . Participant characteristics are presented in Table 1 and preliminary 7 normative values for each group are presented in Table 4 . The aim of this research was to enable evidence-based classification in Para swimming by 11 establishing the reliability and normative values for a battery of swimming-specific range of motion 12 (ROM) tests for swimmers. The results presented herein demonstrate that the majority of active 13 ROM assessments were reliable in non-disabled participants, and Para swimmers had significantly 14 less ROM than non-disabled participants. This finding addresses the key guidelines for the 15 international classification system, that is the measures of impairment for the purposes of 16 classification should be ratio scaled, reliable, precise and comprehensive by addressing movement 17 relevant to the sport (Tweedy & Vanlandewijck, 2011). 18
The key finding of this study is that the majority of ROM assessments used in this novel test battery 19 showed good to excellent levels of reliability in non-disabled participants. Establishing that the 20 measures are reliable within non-disabled participants is an essential step towards developing The ability to maintain optimal lower limb and trunk positions is important for swim performance 22 
are likely due to the use of an inclinometer rather than a goniometer. 11
The choice of measuring instrument is an important consideration in ROM assessment and 12 consequently classification. The majority of tests that did not achieve good to excellent reliability in 13 this test battery were measured using a goniometer. Some of these measures such as knee flexion 14 and elbow flexion, were more reliable when obtained with an inclinometer, suggesting that the 15 inclinometer be the preferred method of measuring these movements, which is in contrast to current 
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The current study has also established preliminary normative values for a new ROM test battery 1 designed for Para swimmers. Participants comprised athletes with health conditions including spinal 2 cord injury, cerebral palsy and acquired brain injury, which can result in impaired ROM, impaired 3 strength, impaired coordination, or a combination of these impairments. Athletes with disabilities 4 had significantly less ROM than non-disabled participants in the majority of ROM tests (Table 4) . 5
These results indicate that divergent validity is evident within this test battery. That is, we would 6 expect people with impaired ROM to have lower scores than non-disabled people. Further analysis 7 indicated a difference within the group of athletes with disabilities. When comparing those with 8 either predominately impaired ROM associated with hypertonia (resulting from cerebral palsy and 9 acquired brain injury) and those with impaired muscle power (resulting primarily from spinal cord 10 injury) there were differences in ROM at the trunk, hip and knee. These differences are not 11 surprising given that all athletes with impaired muscle power had lesions that would limit their 12 ability to actively move or control their trunk and lower limbs. This outcome implies some degree 13 of discriminant ability within the test battery, but it should be noted that despite finding some 14 differences in the pattern of ROM between subgroups of athletes, the purpose of Paralympic 15 classification is to identify and measure impairment, rather than classify merely based on a medical 16
diagnosis (Tweedy & Vanlandewijck, 2011). Further research is needed to assess how impairments 17
in ROM impact swimming performance. 18
The final feature of this study was that the majority of assessments in the new test battery were 19 measured in a group of 24 Para swimmers. The study identified that the new test procedures are 20 feasible within a sample of athletes with disabilities -including those with severe impairments. For 21 example, two participants with impaired muscle power who compete in class S1 -the class for 22 those with the most severe and limiting impairments -were able to complete the majority of tests in 23 the test battery. One of the major limitations of the study was that the Para swimmers did not 24 M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
complete the supported prone position assessments of shoulder ROM (shoulder extension, 1 horizontal abduction and unilateral flexion) due to time constraints and limited personnel. These 2 data were collected during training camps so, unfortunately, it was inevitable that some measures 3 could not be taken. As such, it is not yet known whether these supported prone positions are easily 4 administered in swimming athletes with a disability or whether these measures produce systematic 5 differences in ROM between non-disabled participants and swimming athletes with a disability. 6
Additionally, as can be seen with the large ICC 95% confidence intervals for some measures 7 (Tables 2 and 3 accurate SB-class (breaststroke) classification. Finally, although these tests were found to be 16 reliable in a non-disabled population, reliability is a population specific characteristic, therefore the 17 reliability of these tests needs to be confirmed in a disabled population before their utility in the 18 classification process is established. 19
Conclusion 20
Overall, the novel ROM tests assessed for this study had good to excellent intra-examiner and inter-21 examiner reliability in non-disabled participants. In addition to evaluating the reliability for these 22 
